Introduction
With widespread use of highly active antiretroviral therapy (HAART), children born with perinatal HIV infection (PHIV ' ) are reaching adolescence and young adulthood in large numbers, such that paediatric HIV is an adolescent epidemic in many parts of the world [1, 2] . Adolescents coping with HIV since birth share stressors experienced by youth with other chronic illnesses, including on-going medical treatment, hospitalizations, exposure to pain and sheltered life experiences [3Á5] . They also face a host of unique issues related to the psychosocial impact of HIV, a highly stigmatized and transmittable illness that may make transition through adolescence difficult. Until recently, research on this developmental period for PHIV' youth has been limited, with focus primarily on biomedical outcomes, adherence to antiretroviral therapy (ART) and prevention of HIV transmission to others. Yet, there is increasing awareness that longterm survivors with PHIV' are at high risk for mental health problems given exposure to genetic, biomedical, familial and environmental factors [6, 7] . Since HAART was not routinely available to children in the United States (US) until 1998, and until much later for many low-to-middle-income countries (LMIC), many PHIV' adolescents were exposed to years of sub-optimal treatment and the possibility of active neurotropic and neuroinflammatory HIV disease [8] . Significant and subtle neurocognitive deficits have been observed in PHIV' children affecting their school achievement, relationships and autonomy [9Á11] . HIV may affect subcortical white matter and frontostriatal systems involved in the regulation of emotion and behaviour [12, 13] , further placing youth at risk for mental health problems during adolescence [7] . For youth exposed to early severe HIV disease, psychosocial ramifications of hospitalizations, potential mortality, missed school and social opportunities, and delayed puberty, are significant. With age, the impact of these experiences and residual deficits, even in the presence of reconstituted immune systems, may mildly or profoundly limit PHIV' youth's ability to successfully complete high school, find employment, have relationships and function independently, all of which may have a reciprocal influence on mental health [14] .
Multiple family and contextual factors may influence mental health in PHIV' youth. In many parts of the world, the majority of PHIV' youth are from ethnic-minority families, living in impoverished, limited-resource communities affected by violence, substance abuse and neighbourhood disintegration [1, 2,15Á17] . These circumstances present challenges for any youth population, but particularly those growing up with a stigmatized health condition [14] . Confronting HIV stigma and managing disclosure of HIV status to others may significantly impact mental health function [18, 19] . Furthermore, many PHIV' youth live with single parents and/or have experienced multiple caretaking transitions due to parental illness or death [20, 21] . Loss of a parent is one of the most significant stressors linked to poor mental health outcomes [22, 23] .
Parental psychiatric and substance abuse disorders are additional risk factors for mental health problems in many PHIV' youth [24Á26] . The potential heritability of these disorders, possible intrauterine exposure to illicit drugs and alcohol, and the stressful family and social environments associated with these disorders can contribute to poor child outcomes [27] . The erosion of parenting capacities that often accompanies illness such as HIV, mental illness, or substance use can be devastating to youth mental health [28] .
In summary, there are multiple risk factors for mental health problems in PHIV' youth. In other populations, mental health functioning is among the most significant predictors of health and behavioural outcomes, with increasing evidence of the economic and social costs of mental health problems to society [29] . In countries with limited financial resources, meeting basic living and health needs of youth are likely the highest priority, yet ignoring youth mental health may preclude youth achievement of health, social and economic stability [16, 30, 31] . This article reviews the literature on the mental health functioning of adolescents who were born with HIV, the corresponding risk and protective factors associated with mental health, mental health treatment modalities and critical needs for future interventions and research. Mental health problems are defined broadly to include psychiatric disorders and indicators of more general psychological distress and emotional and behavioural problems.
For context, an understanding of adolescence as a developmental stage is important. Adolescence is marked by the onset of physical and emotional maturation, accompanied by the challenges of adapting to social, emotional and cognitive changes. Adolescence covers a large age range, beginning as young as nine or 10 and lasting up until 18 or older [32, 33] . Brain development continues through the early 20s and includes neural myelination and synaptic pruning responsible for efficient information processing and executive function [34] . Atypical or compromised brain development may increase adolescent risk for poor impulse control, inhibition, and decision-making and associated problems, including violence, aggression, substance abuse, accidents and risky sexual behaviours [35] .
Psychosocial issues are prominent as youth progress through adolescence towards adulthood, attempting to develop a sense of self while striving for autonomy. As relationships with parents and peers change, youth may experience stressful challenges, with immature coping skills and/or inadequate resources. Youth who enter adolescence under adverse circumstances may be ill-prepared to effectively cope with normative changes, making this period particularly challenging [32] .
For PHIV' youth, adolescent developmental tasks are accompanied by the challenges of coping with HIV as a stigmatizing, sexually transmittable chronic illness, the management of medical treatment, and adjustment to family loss. Given the significant association of mental health problems with substance use, sexual risk and poor healthcare behaviours in other populations [29, 36] , there is a critical need to understand mental health functioning in PHIV' youth, identify risk and protective factors associated with mental health outcomes, develop treatment models and inform prevention programmes. Although the paediatric HIV epidemic in the United States and other high-resource countries is near eradication, staggering numbers of children in LMIC have been or will be infected with HIV [2] . With increasing access to ART, they will reach adolescence and young adulthood, requiring proven mental health treatment and prevention programmes.
Methods

Search strategy
We conducted an extensive review of online databases including MEDLINE, Psychinfo, PubMed, JSTOR and Google Scholar. Key terminology entered into these databases included: mental health, psychiatric/psychological, emotional and behavioural problems, perinatal HIV infection, paediatric HIV and adolescence. Titles, abstracts and methodology of identified articles were reviewed. In addition to the online databases, reference lists of articles included in the search were examined for additional key studies.
Inclusion criteria
Articles included in this review reported data on: (1) PHIV' youth; (2) youth who were 10 years of age and older (younger youth could be in total sample but sample had to include youth who were adolescents); (3) mental health outcomes; and (4) mental health treatment, including psychopharmacology, mental health services or evidence-based interventions. Only English language articles were included, with no exclusion based on country of origin.
Exclusion criteria
Articles were excluded if: (1) no participants were PHIV '; (2) the majority of the study population was less than 10 years; and (3) original research was not reported. Publication year was not a reason for exclusion but given the focus on adolescence, most articles were published within the past decade. A number of papers identified clinical issues for PHIV' adolescents, primarily as part of larger reviews on the impact of HIV on children and adolescents, including uninfected youth from HIV-affected families (HIV-A), behaviourally-infected youth, and uninfected, un-affected youth (HIV() at risk for HIV [7, 37, 38] or as part of opinion papers on the full range of psychosocial needs of PHIV' youth [16, 31, 39] . These clinical reports and review articles are not included, but referenced for the purpose of understanding the data. Several studies described psychiatric functioning of HIV' adolescents and young adults who were primarily behaviourally-infected [40, 41] and these were also excluded. We are unaware of review articles that have focused only on PHIV' adolescents and mental health as broadly defined here.
Two research assistants and at least one author read all articles for inclusion and exclusion decisions. A total of 93 articles were reviewed, 55 were excluded and 38 were included (see Table 1 ).
Results
Rates of DSM-defined psychiatric disorders (see Tables 1 and 2 ) Relatively few studies focused on rates of psychiatric disorders in PHIV' adolescents. Sharko reviewed eight studies of Diagnostic and Statistical Manual of Mental Disorders (DSM)-defined psychiatric disorders among HIV' youth aged 4Á20 [42] , many, but not all [40, 41] , of whom were PHIV' [43Á46]. The average prevalence across studies revealed high rates of attention deficit hyperactivity disorders (ADHD; 29%), anxiety disorders (24%) and depression (25%). However, conclusions relevant to the role of perinatal HIV were difficult to determine, given the large age range (4Á21 years), frequent failure to distinguish mode of transmission and limited use of comparison groups.
More recent studies have focused on the prevalence of psychiatric disorders among PHIV' youth who are close to or within the adolescent age range, using well-validated psychiatric assessments based on DSM-IV diagnoses or medical chart reviews. In the Child and Adolescent SelfAwareness and Health (CASAH) study, a large longitudinal cohort study of PHIV' youth recruited at age 9Á16 from four New York City (NYC) hospitals, a high prevalence of any non-substance use psychiatric disorders (61%) was identified using the Diagnostic Interview Schedule for Children (DISC-IV) [47, 48] . Rates exceeded those of a comparison group of 134 perinatally HIV-exposed but uninfected (PHEU) youth. The most prevalent disorders were anxiety (46%) and behavioural (25%) disorders; mood disorders (e.g., depression, mania, cyclothymia) were less prevalent (7%). The rates of most individual disorders were similar in both groups, although ADHD was more prevalent among PHIV' (18%) than PHEU (8%) youth. By the 18-month follow-up, rates of any disorder in PHIV' youth decreased substantively to 44%, while rates among PHEU remained constant [49] . Rates of disorder over time were high, with 69% of youth in both groups meeting criteria for a disorder at either baseline or follow-up; onethird of youth reported comorbid disorders.
Similar results were observed in the International Maternal Pediatric Adolescent AIDS Clinical Trials Group (IMPAACT) 1055 study [50, 51] using the Child and Adolescent Symptom Inventory-4R (CASI-4R) [52] . PHIV' youth and a comparison group of PHEU youth or HIV( youth with an HIV' family member (HIV-A), aged 6Á17, were recruited from 29 US sites. Psychiatric disorders were identified among 60% of PHIV' and 62% of PHEU/HIV-A youth at baseline, and 39% and 43%, respectively, at follow-up. Baseline disorders among PHIV' youth included ADHD (25%), anxiety (24%), disruptive behaviours (22%) and depression (21%). Among those who did not meet diagnostic criteria at entry, comparable numbers of PHIV' (36%) and PHEU/HIV-A youth (42%) met criteria during follow-up. Similar to CASAH, 69% of PHIV' and 70% of PHEU/HIV-A youth met criteria for any psychiatric disorder during at least one time point, often resulting in problems with social and academic functioning or use of psychotropic medications (PHIV'043%; PHEU/HIV-A 037%) [53] .
Several studies examined psychiatric disorders through medical chart review with similar findings [54, 55] . For example, in the 22 US-site Longitudinal Epidemiologic Study to Gain Insight into HIV/AIDS Children and Youth (LEGACY) study, 55% of 197 PHIV' youth (13Á24 years) had a documented mental health diagnosis, including mood disorders (25%), disruptive behaviour disorders (28%) and ADHD (17%). However, comparison groups were not included in these studies and it is unclear how documented diagnoses were derived.
Thus, the few cohort studies which examined DSM-IVdefined psychiatric disorders, using different measures, revealed similarly high rates that were considerably higher than comparable studies of youth in the general population [56Á58]. However, the studies were all US-based and the specific role of PHIV could not be established given inconsistent associations of HIV with mental health [48Á51,53] or the lack of comparison groups [54, 55] .
Symptoms of psychological distress or emotional and behavioural problems Many more studies of PHIV' youth mental health utilized symptoms checklists of youth-or parent-reported emotional and behavioural problems, depression symptoms, or overall psychological distress (see Tables 1 and 2 ). Methodology, measures and cohorts varied, as did results across studies. For example, three of the largest cohort studies in the United States, Pediatric AIDS Clinical Trials Group (PACTG) 219C, Pediatric HIV/AIDS Cohort Study (PHACS) and CASAH used well-validated but different instruments to describe mental health symptoms, including the Conners' Parent Rating Scale (CPRS-48) [59] , the Behavior Assessment System for Children, 2nd edition (BASC-2) [60] and the Child Behavior Checklist (CBCL) [61] .
PHIV' children and adolescents, aged 3Á17, enrolled in PACTG 219C, an observational late outcome study, had Longitudinal study
Cross-sectional data analysis higher rates of behavioural impairment on most scales of the CPRS-48, including conduct, learning and psychosomatic problems, impulsivityÁhyperactivity and hyperactivity. Behavioural impairment increased with age for impulsiveÁ hyperactive behaviours and learning problems [62] . Among PHIV' and PHEU youth, aged 7Á16, enrolled in PHACS, a US longitudinal study, mental health problems as assessed on the BASC-2 were more prevalent than in the general population, but were more likely among PHEU than PHIV' youth. Parent-reported behavioural symptoms were elevated for both groups whereas youth-reported emotional symptoms were not [63] . In contrast, several smaller US cross-sectional studies of PHIV' youth, aged 8Á17, reported BASC depression and anxiety scores within the normative range [64, 65] .
Analysis of combined data from CASAH (PHIV' and PHEU youth, aged 9Á16) and a NYC cohort study of uninfected youth (aged 10Á14), with and without HIV' mothers, revealed internalizing and externalizing behavioural problems within the normal range on the CBCL, although uninfected youth with uninfected caregivers had higher rates of problems than other groups [66] . However, on a measure of depression (Child Depression Inventory; CDI) [67] , scores were more likely to be in the clinical range among PHIV' youth than among other groups [66] .
Other investigations examined emotional and behavioural problems among PHIV' youth in other countries, including LMIC. In an Italian study comparing 27 PHIV' youth, aged 5Á18, to a group of healthy age-and gender-matched peers (presumably HIV (), PHIV' youth had significantly higher CBCL total problem and internalizing problem scores [68] . Similarly, 127 PHIV' youth in Zambia, aged 11Á15, had higher rates of total difficulties, emotional symptoms and peer problems on the Strengths and Difficulties Questionnaire (SDQ) [69] compared to a British sample of age-and gender-matched presumably HIV( youth [70] . Among a Thai and Cambodian sample, PHIV' youth also demonstrated more problems in the clinical range of the externalizing scale of the CBCL than a comparison group of HIV( youth [71] . In contrast, less depression on the CDI was observed among Thai PHIV' youth than among age-and gender-matched HIV-peers [72] .
To summarize, studies that measured mental health symptoms using different checklists across different countries and regions, at different ages, revealed mixed results. Some suggest that PHIV' youth have higher prevalence rates than normative data or comparison groups, and others indicate normal functioning, lack of differences with comparison groups, or higher rates of emotional and behavioural problems in PHEU or HIV-A or HIV ( youth than PHIV' youth from similar communities. Differences observed across studies may reflect cohort or cross-cultural differences, including variability in timing of HIV diagnosis and variability in access to and duration of ART or mental health services. Differences are also likely related to methodological variations, including different measures with different cut-offs or severity scores, varying sample sizes and age ranges, and different comparison groups and/or insufficient examination of factors that differentiate groups across investigations. Correlates of mental health problems A number of studies identified risk factors for mental health problems among PHIV' youth. However, with the exception of basic socio-demographic factors (age, gender, maternal HIV-status, type of caregiver), few studies examined the same characteristics and there is considerable variability in findings. In some studies, child age and gender were associated with the presence of emotional and behavioural symptoms [53, 63, 66, 71] , with increased depression and anxiety symptoms found among girls [49, 53] , more behavioural problems in boys [48] , or more mood and behavioural problems in older youth [48, 73] , all consistent with studies in the general 18593 population. Other studies found mixed or inconsistent gender differences among PHIV' youth [63] , particularly as youth age [48] .
Several studies examined the association of cognitive function and HIV disease characteristics with mental health. PHIV' adolescents with lower cognitive functioning scores were more likely to have mental health problems on the CBCL [71] , BASC-2 [63] and CPRS [73] across countries. In addition to cognitive function, experience of pain [74] and HIV disease characteristics, including the history of AIDS defining illness [55, 75] , low CD4 percentage [53, 75] and higher HIV RNA viral load [68, 75] were associated with the presence and/or severity of specific problems, including ADHD inattention symptoms, conduct and depression. However, associations were inconsistent across studies, with some finding no mental health association with disease markers [48, 66, 76] .
Examination of the role of maternal/caregiver health yielded mixed results. Some studies found that maternal/ caregiver HIV' status was associated with better youth mental health [48, 66] and others with worse youth mental health outcomes [77] . Although several studies of uninfected children of HIV' mothers (HIV-A) suggest a significant impact of maternal illness and loss on children [78Á81], it has proven challenging to disentangle the impact of perinatal and maternal HIV infection from each other among PHIV' cohorts. However, consistent with the literature on youth from other populations [82, 83] , parental/caregiver mental health was associated with PHIV' youth mental health, particularly depression and anxiety [48, 53, 63, 66] and illnessprovoked caregiver functional limitations increased the risk for child mental health problems [63] .
Increasing evidence suggests that social and contextual influences, including exposure to poverty, stressful life events and disadvantaged neighbourhoods, are critical predictors of mental health [29, 84] . However, few studies of PHIV' youth examined contextual factors, although the vast majority of PHIV' youth across the globe live in impoverished conditions with exposure to stressful and traumatic life events [2] . In one US-based study, exposure to neighbourhood disorder and stressful life events was associated with higher levels of depression and anxiety in PHIV' and PHEU youth [85] . In another study, although no association between total stressful life events and youth depression and anxiety was found, school-related stressors were significantly associated with youth self-reported depression [64] .
Two qualitative studies from Canada and South Africa utilized focus groups and individual interviews to identify psychosocial issues that could impact youth mental health. These included loss of parents and peers, problems developing a healthy sense of identity and sexuality in the context of a stigmatized and transmittable illness, need for autonomy and sense of self-competence, difficulties with peer affiliation, disclosure and social stigma [86, 87] . Few studies of PHIV' youth examined the association of many of these psychosocial factors with mental health function, with the exception of disclosure. Unfortunately, findings regarding the impact of disclosure are mixed in PHIV' adolescent studies and often confounded with age [18] . Among youth who know their diagnosis, some studies suggest less [18] and others more [19] anxiety.
Finally, several US-cohort studies revealed significant cooccurrence of mental health problems with other behavioural risks, similar to studies of adolescents in the general population [88] . Mental health problems in PHIV' youth were associated with substance use [89] , non-adherence [54, 62, 90] and sexual risk behaviour [54, 91] .
Importantly, few studies in this review focused on protective factors that promote mental health. Among several that examined positive assets, family process variables including stronger caregiverÁchild relationships and increased caregiver support [64, 92] , caregiver limit-setting [63] , and parentÁchild communication and involvement [66] were associated with better mental health. Similarly, increased peer, parent or teacher social support was associated with less anxiety and depression, fewer withdrawal symptoms and fewer behavioural problems [93] .
Mental health interventions for PHIV' youth Services research
To address the observed mental health problems, many hospitals and community-based organizations across the globe provide psychosocial services for PHIV' youth. Although a number of case reports and descriptions have been published [17, 94, 95] , few service programmes were evaluated for efficacy. Similarly, many of the large US-cohort studies documented the use of mental health treatment among PHIV' youth, but few examined the impact of this treatment on mental health outcomes. Among PHIV' and PHEU/ HIV-A youth in IMPAACT 1055, 18% of youth received psychotropic medications, and 22% received behavioural treatment, including individual, family and group counselling, behavioural modification, after-school tutoring and psychiatric hospitalization [51] . PHIV' youth were more likely to receive such treatment, but the mental health impact was not reported. Medical chart data from PACTG 219C indicated that psychiatric hospitalization was more likely for PHIV' than PHEU youth; however, a significant age confound in this study limited conclusions [96] . Finally, in another study, 27% of youth with clinically elevated behavioural problem scores had not received treatment for identified problems, despite available mental health services [97] .
Psychopharmacology
Psychopharmacological treatments for mental health problems have been successful with adolescents from other populations. However, few studies examined psychopharmacological approaches in PHIV' youth, with the exception of PACTG 219C. An examination of stimulant and non-stimulant medication prescribed for PHIV' youth found slower rates of growth in height and weight for those on non-stimulant medications [98] . In another study, prescribed secondgeneration antipsychotic (SGA) medications, in general, and risperidone, specifically, were associated with both shortand long-term changes in body mass index (BMI) Z-scores [99] . Neither of these reports evaluated adherence to the prescribed medications or treatment effects on mental health, yet both point to the need for caution and continued pharmacological studies including assessment of impact.
Evidence-based interventions
We found no evidence-based interventions targeting only mental health outcomes in PHIV' youth, although several papers described preliminary evaluations of treatment programmes [100Á102] and pilot trials of interventions [103Á 105]. For example, Funck-Brentano and colleagues evaluated a psychodynamic group therapy programme for French PHIV' adolescents, aged 12Á18, who met every 6 weeks for 26 months [102] . Participants acquired HIV either perinatally or through blood transfusions. Outcomes in 10 participants were compared to 10 youth who refused treatment and 10 youth who could not access the clinic. While the intervention was promising in terms of improved viral load and perceptions of health and treatment, mental health was not assessed and groups were not randomly assigned. Two other programme evaluations (Poland and United States) only described qualitative feedback of participants or providers [100, 101] .
Multisystemic therapy (MST) [103] , originally designed for adolescents with antisocial behaviour, is an intensive family-centred community-based psychotherapy approach. Evidence-based techniques drawn from cognitive behavioural and behavioural family therapy and parent training are utilized. MST was adapted for use as an adherence intervention for non-adherent PHIV' youth [104] . Psychotherapists delivered MST to 19 participants (mean age 0 11 years), 2Á3 times a week for approximately 7 months. Although the results were promising in terms of improved health outcomes, the absence of mental health assessment precludes conclusions regarding mental health impact. Moreover, a larger scale randomized controlled trial (RCT) has not been done and MST remains costly and labour-intensive, which may prove prohibitive in LMIC.
Finally, the Collaborative HIV/AIDS Mental Health Program (CHAMP), a family-based intervention originally developed to promote mental health and reduce sexual risk behaviour among inner-city uninfected pre-and early adolescents in the United States [105] , was adapted for PHIV' early adolescents (CHAMP ' ) [105, 106] . CHAMP is a 10-session multiple family group programme administered by lay staff to address family variables (parentÁchild supervision, monitoring, communication, involvement and support), and youth variables (coping, self-esteem, mental health and peer negotiation skills). In multiple clinical trials, families involved in CHAMP consistently demonstrated significant improvements relative to comparison groups in family and youth variables, including mental health [107Á109].
CHAMP' was created for PHIV' youth to address the above topics, as well as ART adherence [105, 106] . Preliminary evidence from three pilot trials based in the United States, South Africa and Argentina showed promise in promoting family supervision, monitoring and communication, as well as child adherence, self-esteem and mental health. A larger trial is currently being initiated in South Africa [92] .
Discussion
Studies to date suggest that youth born with HIV are at high risk for mental health problems, although HIV infection per se may not be the primary mechanism. There is emerging consensus that the aetiology of psychiatric disorders and other mental health problems is a diagnostic challenge and multifactorial, given the abundance of risks and potential pathways to poor mental health in this population. PHIV' youth are from vulnerable backgrounds with a constellation of biomedical, genetic, familial and environmental characteristics that have been associated with mental health problems in other populations. Although studies are limited with mixed findings, this review indicates that child HIV and health status are not consistent predictors of mental health problems in the United States or LMIC. Other factors, such as age, worse cognitive function, parental health and mental health, stressful life events and neighbourhood disorder have been associated with worse mental health outcomes in multiple studies, while other factors such as parentÁchild involvement and communication, and peer, parent and teacher social support have been associated with better function. Unfortunately, this review highlights many gaps and limitations, precluding both firm conclusions and full understanding of aetiology. However, these limitations present opportunities for future mental health research.
The vast majority of studies took place in the United States where the perinatal HIV epidemic is near eradication. There is a clear need for research with PHIV' youth in subSaharan Africa and Asia, where hundreds of thousands of PHIV' children will reach adolescence in upcoming years [2] . Although many studies have focused on orphans and vulnerable children affected by parental HIV/AIDS, very few studies in Sub-Saharan Africa have focused on the mental health of PHIV' adolescents and we found none that examined psychiatric disorders. The lack of diagnostic instruments validated for use in this context is likely a significant limitation to extending this work to where the need is most critical. That said, only a few studies in any context examined psychiatric disorders using validated DSM-IV referenced psychiatric interviews, and several used chart reviews with limited information on the professional training of the informant, indicating a global need for studies of psychiatric functioning.
Considerably more studies examined mental health symptoms. However, different checklists were used with different outcomes and scoring systems, making it difficult to compare clinical significance across studies and countries. Not all measures had validated clinical cut-offs. Some studies had relatively small cohorts with large age ranges, including older children and pre-adolescents, with limited power to examine age differences or confounding factors. There is overlap among children and adolescents enrolled in some cohort studies, with multiple papers from the same project, such that results across studies were not necessarily independent ( Table 2) . The use of different comparison groups (PHEU, HIV-A, HIV( youth) or lack thereof was an additional noteworthy constraint.
In spite of the number of studies identifying mental health problems, and a number of opinion pieces highlighting needs, we identified few evaluations of mental health services or evidence-based mental health treatment programmes targeting PHIV' adolescents. The identified studies focused either on non-mental health outcomes (e.g. health outcomes or adherence), or a combination of health and mental health outcomes. Further, we found no published RCTs of treatments for specific disorders among PHIV' youth.
Recommendations
(1) It is clear that the vast majority of research on PHIV' adolescents focused on risk, yet in other vulnerable populations of youth, there is increasing attention being paid to ''resilience'' or ''positive youth development'' [110Á112]. Resilience, typically defined as positive development despite exposure to significant adversity, and positive youth development models that focus on youth strengths regardless of adversity exposure, have been helpful in identifying youth, family and community characteristics which can be utilized in preventive interventions to promote positive psychosocial function. For example, studies in other populations suggest that key strengths amenable to interventions include: (a) at the individual level, youth social, academic and emotional competence, self-regulation, problem-solving skills and adaptive coping; (b) at the family level, parentÁchild relationships/involvement, family communication and support; and (c) at the contextual level, school and community support systems [110Á112] .
Resilience models have not been widely used in research with PHIV' youth [38] , yet multiple studies suggest that many PHIV' youth display signs of resilience despite vulnerability [49, 63, 66] . There is a substantive need for studies of both risk and resilience in PHIV' youth at different developmental stages and in different cultures so that appropriate preventive interventions can be developed. As yet, it is unclear from the literature whether there is one typical pattern of resilience or whether population-specific risk and protective factors and/or individual level variables are important, and whether there are critical ages that are most amenable to interventions [112] . Equally important are studies grounded in theoretical models of behavioural health that could identify factors amenable to prevention for the development of evidence-based interventions.
(2) Evidence-based mental health treatments for psychiatric disorders have been successful in other populations, including cognitive-behavioural therapies [113] , interpersonal psychotherapy [114] , dialectical behavioural therapy [115] and family systems approaches [116] . We found no studies of these interventions with PHIV' adolescents. Research is needed to assess the utility of these interventions for PHIV' youth, and whether modifications might be necessary to address unique issues such as HIV-related health and neurological complications, and grief-related complications due to loss. As previously demonstrated, mental health interventions are most effective when they are tailored to specific populations and cultures [112, 117] .
(3) Given that the majority of PHIV' adolescents lives or will live in LMIC with limited resources for mental health evaluation and treatment [2] , there is an urgent need for larger cohort studies in these contexts using reliable and valid assessment tools that can be used across cultures. Developing such tools should be a priority for future work. Efforts are underway, for example, to refine a mental health screening tool that could be utilized to allocate scarce psychosocial evaluation and support for those most in need [118] .
(4) In addition, evidence-based mental health treatment programmes that can be used by community-based workers or lay staff are urgently needed in LMIC, where the dearth of psychiatrists, psychologists and other mental health professionals is significant. In some African countries, healthcare systems are beginning to use a task-shifting or task-sharing approach in which community-based lay counsellors under the supervision of healthcare professionals are providing an increasing number of services, including mental health treatment [119] . A critical strength of CHAMP' is that it was developed with this professional shortage in mind and can be administered by lay counsellors [92, 109] .
(5) PHIV has been described as the prototypical bioneuropsychosocial disease, with risks from the cellular to the behavioural to the social and structural level [37, 92] . As such, the scope of mental health research with PHIV' youth going forward should exploit findings from behavioural and social sciences but also from genomics and neuroscience, both of which are already shifting our understanding of psychiatric illness in general [120] . New insights may improve our ability to identify early signals of mental illness and have important implications for type, timing and intensity of interventions. For example, results from research with PHIV' infants and children during the earlier years of the US epidemic could be examined in concert with current investigations of these same aging youth to determine whether such signals exist in this population and to describe their trajectory.
(6) There remains a substantive need for studies that examine multiple factors associated with mental health problems at different stages of childhood, adolescence and young adulthood in PHIV' youth across contexts to inform preventive interventions. These multi-level investigations necessitate theoretical models and statistical approaches that examine multiple pathways of causality as well as mediating and moderating effects. Moreover, meta-analysis of results of previous and current investigations is likely a critical next step in further clarifying the nature and extent of mental health problems among PHIV' youth as well. Statistically, this process would help ascertain the commonalities in various prevalence estimates and also clarify conclusions that were difficult to discern.
Conclusions
The results of this review suggest a high need for mental health treatment programmes for PHIV' youth as well as mental health-related research, particularly in LMIC. Although research-to-date indicates that adolescence is a risky period for poor behavioural outcomes in vulnerable populations, adolescence has also been conceptualized as a strategic opportunity for healthy development, including mental health. Service and research systems with both a risk and resilience perspective may be most effective in ensuring healthy development for all youth, including those who have grown up with HIV.
